This study investigated pre--C questionnaire and interviews. Participants were 166 pre-service teachers, 65 from Early Childhood and 101 from Elementary Education program who had completed their third year in the program, from a large public university in northwestern Turkey. Elementary Education majors received more science courses and explicit NOS instruction. Findings showed that pre-service teachers in both programs held several misconceptions regarding NOS. These results indicate that taking more science courses, even explicit instruction, may not be sufficient for improved NOS views.
Introduction
Nature of science refers to the beliefs and values that are integral to the development of scientific knowledge (Lederman, 1992) . Understanding of the nature of science has been deemed crucial for reaching scientific literacy (Bybee, 1997; DeBoer, 1991) . The National Science Teachers Association (2000) recommends that the methods, explanations, and generalizations of science must be highlighted in science classes. Science reform documents such as the National Science Education Standards (National Research Council, 1996) and the Benchmarks for Science Literacy (American Association for the Advancement of Science, 1993) recommend that teachers provide appropriate instruction for students to reach adequate level of understanding of NOS. To be able to deliver necessary instruction, teachers themselves need to have informed views of the nature of science (Akerson, Buzzelli, & Donnelly, 2008) .
Researchers (see Abd-El-Khalick, Bell, & Lederman, 1998; Akerson et al., 2006 ) defined seven aspects of NOS which were also emphasized by science education standards. These aspects include the tentativeness of scientific knowledge (subject to change), empirical basis (based on and/or derived from observations of the natural world), subjectivity (theory-laden), the role of human inference and creativity, social and cultural embeddedness, the relationship between observation and inference, and the relationship between scientific theories and laws.
It has been indicated that nature of science conceptions could be improved through inquiry based, explicit reflective teaching (Abd-El-Khalick & Akerson, 2004; Akerson & Hanuscin, 2007; Schwartz, Lederman, & Crawford, 2004) . However, these conceptions are often difficult to retain (Akerson, Morrison, & McDuffie, 2006) . It is developmentally difficult for adult learners to gain appropriate NOS views (Akerson, et al. 2006) . Even scientists and science teacher educators might have inadequate understanding of NOS (BouJaoudea et al., 2011; Irez, 2006) . Studies have shown that the NOS views are mostly related to intellectual level (Abd-El-Khalick & Akerson, 2004; Akerson & Buzzelli, 2007) , culture (Akerson et al., 2008; Liu & Lederman, 2007) , religious beliefs (Abd-El-Khalick & Akerson, education and socioeconomic status (Dogan & Abd-El-Khalick, 2008) .
Previous research investigating pre--El-Khalick, 2001; Akerson et al., 2000) reported that they hold common misconceptions regarding NOS. For instance, they believe necessary in order to know something. They commonly state that scientists must have seen an atom so that they can describe its structure. Another misconception is that they believe laws are superior to theories and ome laws. Furthermore, many pre-service teachers do not recognize the role of creativity, subjectivity, and social and cultural influences on development of scientific knowledge (Akerson et al., 2006) . Studies with Turkish pre-service and in-service science teachers revealed that they too, hold several na ve views about the nature of science (Dogan & Abd-El-Khalick, 2008; Irez, 2006; Sahin, Deniz, & Gorgen, 2006) . Akerson et al. (2008) indicate that pre-service teachers perceive a cultural gap between themselves and scientists. It might be easier, especially for elementary and early childhood teachers, to become more comfortable in teaching science if this perception is changed.
Numerous studies investigated prence views; however, there are few studies that involve both elementary and early childhood pre-service teachers. Since elementary and early childhood teachers are responsible for teaching some crucial science content to young children, it is important to investigate their understanding of the nature of science. This large scale study aims to investigate and compare pre-service elementary and early childhood teachers NOS views
Method

Participants
Data were collected from a large public university in northwestern Turkey. A total of 166 students, 65 from Early Childhood and 101 from Elementary Education program who had completed their third year in the program participated in the study. Students in both programs had also completed a Science Methods course by the end of the third year. The Early Childhood majors were not explicitly taught about NOS in their Science Methods course. The Elementary Education majors, on the other hand, received 1-2 weeks of instruction regarding NOS. However, the nature of this instruction was not inquiry based, explicit reflective as suggested by previous research (e.g., Akerson & Hanuscin, 2007) . Rather, it was in lecture format. In the first three years of their study, the Early Childhood Education majors receive the following science courses: Anatomy, Science Methods (1 semester), Scientific Research Methods; and the Elementary Education majors receive: Biology, Chemistry, Physics, Science Methods (2 semesters), Science Lab (2 semesters), and Scientific Research Methods.
Data Collection and Analysis
The VNOS-C questionnaire (Abd-El-Khalick, 1998 , Lederman, Schwartz, Abd-El-Khalick, Bell, 2001 ) with ten open -ended items was used for data collection. These questions were aimed to gather information about the following aspects of science: tentative, creative, subjective, empirical, sociocultural, distinction between theory and law and distinction between observation and inference. Further interviews were conducted to clarify some answers and for questions that were not answered. The author was also the instructor of the Science Methods course in the two programs and the questionnaire was administered at the completion of the course. About ten percent of the participants were interviewed after completing the questionnaire. These semi-structured interviews were conducted to provide validity and to encourage students to elaborate on their responses. Pre-service teacher responses to the VNOS-C surveys and interviews were tabulated, and their views were coded independently by 2 researchers as ether theories could change, na ve responses included answers that state theories do not change or they change because they have not become laws yet.
Responses that have merit state theories could change with no elaboration on the topic. Finally, an informed view states that theories can change in light of new information, discoveries or with the reinterpretation of the existing knowledge. Conflicts among researchers during the analysis of the questionnaire items and interviews were resolved through discussion in the presence of a 3rd researcher. Percentages of the prequestionnaire item were computed. Cross-tabulation analysis was conducted to test if there are any differences between the views of elementary and early childhood pre-service teachers.
Results
Results indicated that pre-service teachers were most informed about the tentative nature of science and the creativity in science (75%, see Table 1 ). Around 50% were aware of the difference between observation and inference assessed by question 7 and around 50% stated that there is subjectivity in science (Q8). However, they were mostly uninformed about the empirical basis of science, social/cultural embeddedness of science and difference between theories and laws. Almost all students indicated the development of scientific knowledge requires experiments which points out a na ve view. Findings were similar for students from both programs regardless of their gender. Cross-tabulation analyses showed no significant differences in ratios between the two programs. Although participants were encouraged to write as much as they know about each item, there were some unanswered items. Of those items, questions 6, 7, 8 were described to be the most challenging items of the questionnaire. Questions 6 and 7were about the structure of atoms and species which both tested if participants know the difference between observation and inference; and question 8 asked how scientists bring two different explanations to the extinction of dinosaurs, which assesses Some common misconceptions held by pre-service teachers are listed in Table 2 . When defining science, better lifestyle. Researchers state that such pragmatic views are common among non-western cultures (Aikenhead, & Otsuji, 2000; Liu & Lederman, 2007) . religious statements, especially on certain items. For example, when defining science participants used statements the item about the tentativeness of theories, several participants mentioned that the theory of evolution has been disproven; therefore, theories can change. Again, about the difference between theories and laws, some participants compared laws to the theory of evolution as the former being far more superior to the latter. On the social/cultural embeddeddness of science, some students exemplified the unpopularity of the theory of evolution in Muslim countries. Finally, on the item about how scientists classify species, some participants mentioned the Koranic description of living things.
Table1. Percentages of NOS Views Measured by VNOS-C Items
About Science Compared to the Reality
Common Misconceptions
In Reality*
Science is a bunch of proven facts.
Science is necessary for technological
Science is systematic and objective.
Science requires experiments.
Science is a discipline that addresses questions about the natural world through empirical evidence. There are multiple methods of investigation in science and experimentation is only one of them.
An experiment is a way of proving scientific
knowledge.
An experiment is a controlled way to test and manipulate variables.
Theories become laws when proven true.
Theories can change but laws never change.
Laws are superior to theories.
Theories cannot be directly tested, they use indirect evidence and inferences. Laws are descriptive statements based on observable evidence. There is no hierarchical relationship between theories and laws.
Scientists observe the atomic structure through high-tech devices such as electron microscope.
Scientists use indirect evidence and inference in the construction of atomic models.
Science is not influenced by culture and society.
Scientific facts are universal.
Science is influenced by societal factors, such as politics, economics, and religion. Science is subjective.
*Compiled from Abd-El-Khalick (1998) and Lederman et al., (2002) .
Conclusions
Pre-service teachers in this study held misconceptions similar to those of teachers involved in previous studies (e.g. Abd-El-Khalick, 2001; Akerson et al., 2000) . They were more aware of the tentativeness, subjectivity, and social embeddedness of science; however, they were mostly uninformed about the other aspects. Having taken more science courses did not make a difference in the NOS views of pre-service teachers (e.g., Dogan & Abd-El-Khalick, 2008) . The Elementary Education majors who had taken more science courses and received more NOS instruction in their program had similar views on NOS compared to Early Childhood majors. In fact, on the item about how scientists determine the atomic structure, almost 42% of the Elementary Education majors gave no response, which should be a concern for college science teaching. These students might be lacking valuable information about the importance of observation and inference in science. These findings, overall, indicate that NOS aspects are not easily comprehendible through lectures alone and taking more science courses does not necessarily close the gaps in derstanding of NOS. Intervention regarding improving prebecause, they too, teach science and their erroneous ideas about science could easily be passed on to young children. Metacognitive strategies where students have opportunities to assess their NOS ideas and compare them with those of scientific community and other populations have been found effective in improving NOS views (Abd-El-Khalick & Akerson, 2004) . Classroom scenarios where pre-service teachers need to apply their understandings of NOS might be helpful (Akerson et al., 2006) . Moreover, NOS terminology needs be an important part of college science teaching. The results of the current study showed that pre-service teachers have common misconceptions regarding meanings and learners could apply these meanings into new frameworks.
Though challenging, designing and teaching lessons about the target aspects of NOS in practicum could be helpful for pre-service teachers. Akerson and Hanuscin (2007) state that when professional development and an inquiry-based curriculum are provided, teachers can be effective in explicitly teaching NOS elements. Pre-service teachers, then, could share their experiences about the difficulties of teaching NOS aspects.
Another important finding of this study was that religious devotion might be influencing pre-NOS views. Science educators need to be aware of this and, though challenging, they should help students realize that science and religion are not against each other and one is not superior to the other (Abd-El- Khalick & Akerson, 2004) . Instead, they are different sources of knowledge, such as art, philosophy, etc. As Abd-El-Khalick and Akerson put, for learners who fail to discriminate between scientific and religious knowledge, it might be very difficult to embrace valid NOS views, even through explicit instruction.
